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Table 1. Correlation of traits under normal, drought and salinity conditions in the germination stage of
recombinant inbred lines caused Badia and Kavir cross
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Root length weight Coleopti length weight Germination
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Jley Ll Normal 1 0.119  0.345"  -0.066 0.166 0.336" 0.224°
Sz z:5 Drought 1 0.453"  0.698™  0.449™ 0.104 0.502** 0.449"
655 L Salinity 1 0.210" 0.080 0.290™ 0.304" -0.271* 0.0171
aiy, Job Jly Lyl 1 0.659 -0.049 0.351 0.405 -0.162
Root length S5 s Drought 1 0.716 0.652 0.117 0.691 0.018
655 L Salinity 1 0.277  0.439*™ 0.617" -0.019 0.071
aiy) 08 Jle L], Normal 1 -0.233* 0.290" 0.529** 0.004
Root weight Sz z:5 Drought 1 0.652"* 0.156 0.757"* 0.277"
6,55 i Salinity 1 0.118 0.256™ 0.001 -0.012
JeugdS Jsb Ly Lul,s Normal 1 0.171 0.188 -0. 196"
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length 6y i Salinity 1 0.522" 0.044 0.136
azails Jsb Jboyi Lyl Normal 1 0.579™ -0.006
Plumule Ses s Drought 1 -0.043 0.105
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Plumule Sias a5 Drought 1 0.094
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Table 2. Groups created under normal conditions, drought and salinity stress based on all traits

Traits wlas 6l Cluster number =5 o)les  Normal Jls  Drought Sis  Salinity )50

Germination _jijaily> ao s V ases 90.35a 78.71a 50.39b

percentage Y abgs> 67.13b 47.06b 84.44a

\ by 0.136b 0.001b 0.137a

Plumule weight a>a3l. 34 Y alig> 0.121c 0.026a 0.116b
AETtS 0.164a - -

\ ales 12.867b 0.109b 9.223a

Plumule length azdsls Job Y alg> 12.236b 1.327a 8.055b
Y adgs 13.766a - -

\ by 5.074a 0.153b 6.496a

Coleoptile length .0 52lS Jsobo Y adig> 3.934c 2.328a 5.907b
Y abgs 4.485b - .

\ ales 0.100c 0.017b 0.102a

Root weight az,, 39 Y abes 0.113b 0.037a 0.075b
Voadys 0.149a - -

\ by 13.991¢ 1.865b 11.493a

Root length az,, Jsb Y adgs 14.718b 4.171a 10.046b
Y adgs 17.316a - -

\ ades 5.378¢ 3.717b 5.361b

Root number azs, sloss Y dlgs> 5.40b 5.031a 5.444a
Y oahgs 5.912a - -
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(Marjani, 2006)
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V0 5 Scot PTyY CAAT JT1va JRAP JTv ISSR
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oolaiwl aiss gy glp Jaie 5,85 pae l)ls sl Slis
‘:.i..wa.u °5)§ Y L oasoolawl JBSJ}A LSLQ)i)L..u LSS
L o pgisesyS -ad e 52 pgjseg,S Vo Gllae
VAT (oo55509,5 Jobo b (3Les 0+) ,S0Las slaws ¢ 5L
970 F Y lo pgises,S arad a5 O Hge Bl

DN AV DA/ clo Jsb (gls b gy 45 W
(YUS) Wogy o sl VEOIF 5 VYVY NF/-
Ramsay .Li et al., 2003 4z L SSR s Siles o5
Thiel et al., 4 Struss and Plieske 1998 et al., 2000
sloais L byl cajge9,5 Joo Lol 0y oglie 2003
ls cillas )5S e
Graner et al., ) j1,5 luwg s> Siwgn aiii ool
ol wssbls s Comaz 0¥ VY 5l oslazl L (1991
&b 45 RFLP sle Slis 4 Franka ¢ Igri 8%
W ol adshle s Comez 5l oslitul b (eiores
Ay (Swsw aiis RFLP Silas 3 Morex 4 Steptoe
Wenzl et al., 2006 .(Kleinhofs et al., 1993) wos,5
Qi et al., DArT 4 STS RFLP SSR sla,Silis
Jafary et SST RFLP AFLP sla Silzs L 1998
Thiel SSR § AFLP sla,55Lis 5l eolawl b al., 2006
Sato .EST 4 SSR sla Silis 5 oolazal L et al., 2003
Varshney et al., SNP Silis jl eolaul L et al., 2004
et Rostoks 5 RFLP, SNP, SSR sl Silzs 51 2004
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Table 3. QTLs controlling traits in normal, drought and salinity stress conditions in Fs population caused Badia and Kavir cross

Traits Chr  Position Flanking markers Distance to closer marker Add effect Allel.e
. QTL L o o o R2 Direction
oo PeigesS  Cusdye S9bme sl Siles PS5 Sl b alald =l e
e
JL, Normal
e Jsb qRLN-7 7 30 ISSR48-1- iPBS2231iPBS2074-2 0.59(iPBS2231iPBS2074-2) 2.791 -1.936 11.7  Kavir
Root length
Aty o) qRWN-5 5 136 GBM1166- IRAP54-2 0.27(IRAP54-2) 2586  -0.016 109 Kavir
Root weight qRWN-7 7 40 iPBS2231iPBS2074-2- ISSR29-6 0.36 (ISSR29-6) 3.001 -0.023 12.6  Kavir
qCLN-2 2 88 HVM54- Bmag0571 0.79(HVM54) 2.648  -0.277 112 Kavir
Jengdls’ Jsbo qCLN-4 4 58 EBmac0635- scssr14079 0.88(EBmac0635) 3.58 -0.273 14.8  Kavir
Coleoptile length qCLN-5a 5 54 scssr15334- GMS001 2.13(scssr15334) 3.823 -0.312 157  Kavir
qCLN-5b 5 116 CAATS5-A- Bmag0113 0.87(Bmag0113) 3.593 -0.393 14.8  Kavir
qCLN-5¢ 5 136 GBM1166- IRAP54-2 0.27(IRAP54-2) 2.586 0.327 109  Badia
il s qGPN-4a 4 58 EBmac0635- scssr14079 0.88(EBmac0635) 3.034 5.89 12.7  Kavir
= e qGPN-4b 4 114 EBmac0906- ISSR30iPBS2076-5 0.73(EBmac0906) 3.93 6.979 16.1  Kavir
Germination percentage 4 GpN_4a 6 26 Bmag0004- ISSR48-3 1.23(ISSR48-3) 3.196  10.118 133  Kavir
S a5 Drought
qRLD-4a 4 2 GBM1525- CAATS-C 0.21(CAATS5-C) 2.701 0.839 11.4  Badia
aty; Job qRLD-4b 4 70 ISSR47-5- ISSR48-4 1.15(ISSR48-4) 5.51 1.616 21.8 Badia
Root length qRLD-4c 4 136 CAAT3-B- ISSR13-4 0.45(ISSR13-4) 2941 1266 123 Badia
qRLD-5 5 108 GBM1470- GBM1164 2.47(GBM1164) 4.595 1.277 18.6  Badia
e qRWD-4a 4 12 HvOLE- IRAP50-2 0.12(IRAP50-2) 2.955 0.007 12.4  Badia
) 039 qRWD-4b 4 70 ISSR47-5- ISSR48-4 1.15(ISSR48-4) 3.539 0.011 14.6  Badia
Root weight qRWD-5 5 112 GBM1164- CAAT4-A 0.24(CAAT4-A) 3.636  0.006 15  Badia
azasle 5 .
’ qPWD-4 4 68 ISSR47-5- ISSR48-4 3.15(ISSR48-4) 3.849 0.013 15.8  Badia
Plumule weight
S35 Lo Salinity
azaile Job .
qPLS-7 7 98 Bmag0135- scsst07970 2.15(Bmag0135) 2.572 -0.735 109  Kavir

Plumule length

£
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Abstract

Seed germination is described as a prominent and important feature of a cultivar. In order to identify QTLs related
to barley germination under normal, salinity and drought conditions, 103 Fg families from Crosses of two cultivars,
Badia x Kavir, were assessed using completely randomized design in two replications during the 2018-2019, in the
botanical laboratory of Gonbad Kavous University, Iran. Number of roots, root length, root weight, coleoptile length,
plumule length, plumule weight and germination percentage. Linkage maps were prepared using 152 SSR
polymorphic markers, 72 ISSR alleles, 7 IRAP alleles, 29 CAAT alleles, 27 Scot alleles and 15 iPBS alleles. The
molecular markers used were attributed to 7 barley chromosomes with a map length of 999.2 centi Morgans (cM).
The mean distance between two adjacent markers was 3.387 ¢cM. QTL analysis was performed using composite
distance mapping (CIM) for each trait in each environment. In this study, chromosomes 4, 5 and 7 were the most
important chromosomes in all three conditions due to the presence of the most QTLs. Under normal conditions 2
major effect QTLs were detected for the coleoptile length (QCLN-5a) and Germination percentage (qGPN-4b) was
detected, Under drought stress conditions, 3 major effect QTLs were detected for root length (QRLD-4b) and (qRLD-
5) for stem weight (QPWD-4). The results of this research can be used in marker assisted selection programs after
determining the validity.
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